Gwynn, C. M., and George, R. H. (1973) . Archives of Disease in Childhood, 48, 455 . Neonatal citrobacter meningitis. An epidemic involving 4 babies with neonatal meningitis due to Citrobacter koseri is described. Only 1 of the 4 babies made a full recovery: 2 others survived with severe permanent brain damage after a prolonged illness, and the fourth baby died after a short fulminating infection.
The genus Citrobacter has long been recognized as a saprophyte in the alimentary tract of man (Wilson and Miles, 1964) , but its role as a pathogen has been questioned. It is frequently cultured together with other organisms in mixed growths from wounds, urines, and sputa from adults, when it is usually an unimportant saprophyte.
We present evidence showing that this organism can be pathogenic, especially in the neonate, so that its potential pathogenicity should be remembered if it is isolated from a neonatal unit. The posterior third of the right hemisphere was soft with a greenish-grey discoloration typical of Gramnegative meningoencephalitis. The brain showed widespread necrosis of the white matter particularly in the posterior part of the right hemisphere. The necrotic area extended almost to the surface ofthe brain, but a thin rim of cortex survived. Further less developed areas of necrosis were present in the ventricular walls of both hemispheres. The appearances suggested that the necrosis had begun in the ventricular walls and extended towards the cortex. Histologically, the necrotic regions contained distended blood vessels, many filled with small thrombi, and large numbers of Gram-negative bacilli. Some of the vascular sinusoids of the adrenals also contained fibrin plugs.
The Gram-negative bacilli in the CSF were shown by subculture to be Citrobacter koseri. Cultures made from the surface of the necrotic areas of the brain grew the same organism.
Case 2. This infant, born on 14 October 1971, was the plethoric female partner of a feto-fetal transfusion. Cord Hb 25*8 g/100 ml, PCV 82%. Her twin remained well. The infant progressed normally until the sixth day of life, when she was found in peripheral circulatory failure, with slow sighing respirations. Blood culture gave a heavy growth of Citrobacter koseri.
The CSF was cloudy and contained numerous Gram-negative bacilli; sugar was 2 mg/100 ml, protein 350 mg/100 ml, and culture provided a heavy growth of Citrobacter koseri.
Therapy was started with chloramphenicol 8 mg/kg 6-hourly i.m. and kanamycin 7 5 mg/kg 12-hourly i.m. After deterioration over the first 24 hours of treatment, she gradually improved and was maintained on both antibiotics for 17 days; over this period the blood cultures became sterile but the CSF remained infected with a rising protein (maximum 600 mg/100 ml).
Gentamicin was instituted instead of the kanamycin and chloramphenicol in the 17th day of the illness, and a subdural tap was performed. A Treatment was begun with sulphadiazine 25 mg/kg 6-hourly, chloramphenicol 8 mg/kg 6-hourly i.m., gentamicin 2 mg/kg 8-hourly, and phenobarbitone 3 mg/kg 6-hourly.
The organism was initially sensitive to sulphonamides, but during treatment became resistant, so the sulphadiazine was stopped after 8 days and a daily intrathecal injection of gentamicin 2 mg was added instead.
The infant's general condition improved in 24 hours. The first sterile CSF was obtained after 8 days of treatment, and intrathecal injections were stopped. The infant convulsed 48 hours later and transillumination of the skull showed large bilateral subdural collections over the frontal regions.
Bilateral subdural taps at this time obtained 40 ml cloudy fluid, protein 450 mg/100 ml, sugar 53 mg/ 100 ml, and a light growth of Citrobacter koseri.
Daily subdural taps were then performed for the next 7 days and 0 5 mg gentamicin was injected bilaterally. These were followed by a further week of subdural taps performed on alternate days and 1 mg gentamicin injected subdurally into each side. During this time the subdural fluid became sterile. A subsequent ventriculogram showed a large number of cavities, some representing dilated ventricles and others extraventricular cavities.
A ventriculolaparostomy tube with a Rickham's reservoir and a Farr-Turner valve was inserted, but the child was markedly motor retarded with a head circumference of 41 cm at 13 weeks.
Results
Bacteriological characteristics. The organism isolated from all 4 cases was a member of the Enterobacteriaceae with characteristics shown in Tables 1 and II. Epidemiology. When the second case of meningitis due to Citrobacter koseri appeared, an unsuccessful search was made for a source of the infection. Faecal specimens and bilateral aural swabs were examined from all staff working in the unit. These and samples taken from the floor and walls, hand basins, disinfectants, incubators, and other medical equipment did not contain the organism. In addition, sampling of the ventilation system and settle plates within the cubicles proved negative.
The staff were investigated again after the third case was confirmed, and on this occasion umbilical and stool specimens were also collected from all babies within the unit. The organism was isolated from the faeces of one member of staff and 3 babies. The organism was also recovered from the umbilicus of one of these babies.
The organism was shown to be capable of growth in the presence of triple dye and hexachlorophane, both of which were used for umbilical toilet, but was not isolated from the chlorophane skin powder or triple dye used. Chlorhexidine, povidone-iodine, Milton, and Savlon all prevented growth at concentrations normally used. As a result, umbilical toilet has been changed to aqueous chlorhexidine solution.
Oral neomycin for a period of 7 days successfully eradicated the organism from the stools and neomycin powder from the umbilicus of the healthy carrier. Discussion Disease due to Citrobacter freundii has been reported in adults (Stratford, 1970; Barbulescu, 1969) when it has been isolated from the sputum, urine, and wounds; and in a case of subacute bacterial endocarditis it was cultured from the blood. It has also been reported as causing meningitis (Cavalieri and Piacentini, 1968) . A nonlactose fermenting Citrobacter has also been described as a cause of meningitis (Shortland-Webb, 1968 Coli-Aerogenes Sub-committee, 1956; Frederiksen, 1970; Young et al., 1971; Booth and MacDonald, 1971) . Frederiksen (1970) classified this as Citrobacter koseri and this term seems the most acceptable.
The relative virulence of Citrobacter koseri and Citrobacter freundii is as yet uncertain, but our own studies (R.H.G., unpublished) suggest that both are equally and not infrequently implicated in other infections. In our investigations Citrobacter koseri was an uncommon member of bowel flora, contrasting with Citrobacter freundii which is frequently present (Wilson and Miles, 1964) .
It is of interest that in Case 1 there was evidence of some intravascular thrombosis. Whether this occurred before the infection is difficult to ascertain, but the fact that the organism is capable of infecting an apparently normal child is shown by Case 3.
The organisms we encountered were sensitive in vitro to all the usual antibiotics used in Gramnegative infections, apart from the ampicillin and, in Case 4, the emergence of sulphonamide resistance. This has not been experienced elsewhere (Stratford, 1970 
